platinum dishes were cleansed with special care before each determination.
Some of them were new, that is they had never before been used for other determinations, so that contamination from the material of the dishes is extremely unlikely.
McCollum, Rask, and Becker ashed in silica dishes. We tried this and found that silica dishes are strongly attacked by the alkalies present, even when the ashing is conducted at low temperatures. This method can consequently not be recommended.
It should be definitely stated, however, that even when silica dishes were used the ash when spectroscopically tested showed aluminum to be present.
An electric arc was formed between small rods of electrolytic copper, the lower one being cup-shaped so as to hold the ash to be examined. Examination in the electric arc was found to be the most satisfactory method, though the electric spark method was also employed.
The electrodes were about 1 cm. apart, and in producing the arc a direct current of 5 amperes under a pressure of 110 volts was used. In producing the spark spectrum a transformer giving 20,000 volts was employed, a condenser of 0.005 microfarads capacity was shunted across the transformer, and a reactance was connected in series with one of the electrodes to diminish the intensity of the lines due to the elements of the atmosphere. Photographs of the spectra were made on x-ray films with the Kriiss quartz spectrograph.
In each case the spectrum of the copper alone was photographed simultaneously with that of the ash. This was accomplished by means of a diaphragm which separated the field into three portions, the upper and lower ones giving the spectrum of copper alone, while the middle one gave that of copper plus ash.
It is well known that the spectrum of an element contains lines of varying degrees of intensity and persistence, as the substance tested is diluted with foreign inert matter.
The more intense lines are not necessarily the more persistent ones. According to the work of de Gramont? the two lines of wave-lengths 3961.5 and 3944.0 ihgstriim units are the most sensitive or persistent lines of aluminum; that is to say, the smallest detectable amounts of aluminum will show these two lines.
A large number of examinations were made, mainly by means of the arc, for this proved to be far better than the spark. When the spark is employed the ash is so rapidly blown out of the electrode cup that the material is exposed only momentarily to the exciting action and so the detection of the aluminum is readily missed.
An effort was made to fuse the ash in the electrode cup before subjecting it to the spark.
However, it was found that by thus fusing the ash in the arc (although the operation required but a few seconds) the aluminum was volatilized to such an extent that it could no longer be detected in the spark spectrum.
The use of the arc as described above obviated these difficulties which are met when the spark is employed.
In all cases aluminum was found to be present with certainty.
No effort was made to determine it quantitatively;
but it was present in quite small amounts for only the most sensitive lines mentioned above were found with any degree of distinctness.
While a large number of spectra were photographed, it seems quite unnecessary to reproduce all of these here, particularly since they all show the presence of aluminum; in Figs. 2 to 8 are presented seven typical spect,ra. Fig. 1 gives the spectrum of copper alone. InOthis the lines corresponding to 3000, 3500,4000, 4500, and 5000 A. respectively are correspondingly designated for purposes of orientation.
In Figs. 2 to 8, inclusive, are given the spectra of the ash of the various materials.
The middle band of each figure is the spectrum of the ash plus copper, while the upper and lower bands are due to the copper only. That the latter was free from aluminum is clearly apparent, also that aluminum is present in each ash tested is quite evident for in each case the characteristic lines corresponding to 3961.5 and 3944.0 A. can be seen. In the negatives themselves these lines are much clearer than in the accompanying figures, for repeated reproduction dims them considerably.
The spectra of Figs. 2 to 6 were got by means of the arc; those of Figs. 7 and 8 by means of the spark. In the light of the facts here presented it is clear that aluminum is actually present in plant and animal matter and that the conclu-sion of McCollum, Rask, and Becker that "aluminum is not a constituent of either plant or animal matter" is founded upon error and cannot be maintained.
Our thanks are due to Mr. Albert C. Krueger for help in carrying out some of the experiments. (Ktthlenberg and Gloss: tlluminum i n plant and animal matter.)
